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• We examine the causal effect of birth weight on outcomes later in life.
• We employ the twin-fixed effect model using a large size of twins sample in Japan.
• Birth weight has a significant effect on academic achievement around the age of 15.
• However, the effect is not long-lasting: no effect on the highest years of schooling and earnings.
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a b s t r a c t
This paper investigates whether birth weight itself causes individuals’ future life chances. By using a
sample of twins in Japan and controlling for the potential effects of genes and family backgrounds, we
examine the effect of birth weight on later educational and economic outcomes. The most important
finding is that birth weight has a causal effect on academic achievement around the age of 15, but not on
the highest years of schooling and earnings.
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It would be generally better to have a small baby at birth and
then raise him/her to grow big later in life—this has long been
believed to be good practice in child-bearing in Japan. Before
C-section delivery or other obstetric procedures became popular
throughout society, people perhaps aimed to reduce the risk of
endangering mothers’ lives by giving birth to a small baby. This
widespread belief seems to be still dominant today. However, it
is unexpectedly little known that there is a hidden risk of having
a small baby: recent research has found that low birth weight
is significantly associated with both short- and long-run adult
outcomes (Almond and Currie, 2011; Conley and Bennett, 2000;
Linnet et al., 2006; Currie and Hyson, 1999). 3
3 In particular, Almond and Currie (2011) conducted the detailed and compre-
hensive survey on the effect of the investments in early childhood education to the
later life outcomes.
license.
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growth that may reflect a variation in nutritional intake in the
womb. Low-birth weight is thus recognized as the leading indica-
tor of poor health among infants, which may delay brain and so-
matic development and then affect a wide range of subsequent
outcomes later in life. Like evidence drawn from data in other
countries, in Japan, Kohara andOhtake (2009) found anegative cor-
relation between birth weight and academic achievements mea-
sured by standardized test scores in G6 and G9 at the prefecture
level. If this is the case, can there be any doubt that theGovernment
of Japanmust shape a policy agenda to increase the birth weight of
newborn babies, for example, through improvements in the health
of pregnant mothers? Unfortunately, however, there is no simple
answer to this question.
While much is known about the cross-sectional correlation
between birth weight and adulthood outcomes, little is known
regarding the extent towhatwouldhavehappened to an individual
outcome if a person who was actually born with a heavier birth
weight had been born with a lighter birth weight. In other
words, it is highly possible that observed differences in birth
weights among new-born infants may simply reflect unobserved
parental characteristics which are also correlated with adulthood
outcomes of an individual: a selection bias arises when part of
individual outcomes can be explained by unobserved parental
characteristics. Observed correlations using cross-sectional data
in previous literature thus did not provide a full description of
the effect of birth weight and result in biased and inconsistent
estimates.
In this research, we would like to answer the questions
of whether birth weight itself causes individuals’ adulthood
outcomes. One of the innovative methods that social scientists
have employed in recent years to address the causal relationship
between birth weight and adulthood outcomes is to use a sample
of twins. In fact, many economists (see Currie (2009) for a
comprehensive survey) use a dataset containing information on
twin-pairs and attempt to cope with the problem of unobserved
differences in ability and family environments. These considerable
efforts have been dedicated to uncovering the effect of birthweight
on adulthood outcomes: previous research reached a consensus
that birth weight does matter both in the short- and long-run.
We also follow this approach to deal with the bias described
above, comparing the differences between twin-pairs to isolate
the pure effect of birth weight on the adulthood outcomes,
holding innate abilities and family environments constant. Another
advantage of using a sample of twins is that, because twin pairs
have the same gestation length, the differences in birth weight
between twins are attributed solely to differences in fetal growth
rates. The main research question of interest in this paper is thus:
does nutrition intake in utero really matter for one’s life chance? If
so, which stage of one’s life is the most affected?
To the best of our knowledge, the case of Japan is relatively
unexplored due to the data limitation. This is unfortunate given
the recent variable findings in Japan that low birth weight
is associated with parental socioeconomic factors, such as the
mother’s smoking habits and employment status (e.g., Kawaguchi
andNoguchi (2012b)). The understanding ofwhether an individual
inherits his/her parental socioeconomic status at fetal origin
would contribute to further discussion of the intergenerational
transmission mechanism of social stratification, to which policy
circles may pay considerable attention. In this study, we take
advantage of the unique twins-datasets that the authors have
collected in Japan through a web-based survey.
To answer our research questions, we follow the protocol of
previous literature and outline a twin-fixed effect strategy us-
ing a sample of monozygotic twins (hereafter, MZ twins) who
are genetically identical. Interestingly, there is a variation in birthweight between twin-pairs in general. As pointed out by Ashen-
felter and Rouse (1998), first-born twins are usually heavier than
their second-born siblings at birth. This setting allows us to create
a counterfactual situation of what would have happened to adult-
hood outcomes of a pair of twin who were born with a lower birth
weight if s/he had been born with a heavier birth weight instead.
We then set up five main outcomes to be examined: (i) partici-
pation in private (or national) middle schools; (ii) student perfor-
mance at the age of around 15; (iii) ranking at the college attended;
(iv) years of schooling; and (v) earnings. The significant finding in
this paper is that birth weight only causes academic achievement
around the age of 15. Unlike evidence fromwestern countries, this
effect subsequently disappears. Our empirical results show that fe-
tal growth may affect student performance in young children, but
it does not directly affect his/her adulthood outcomes in later life,
such as educational attainments and earnings.
2. Relevant literature
A growing body of research has attempted to identify the causal
effects of birth weight on not only short-term but also long-term
outcomes by the use of twin data. In this section, we review the
relevant literature investigating the causal effect of birth weight
on educational and economic outcomes, in particular by using twin
data. Regarding educational outcomes, there is evidence based on
twin studies that birth weight has a long-term impact. Behrman
and Rosenzweig (2004), Black et al. (2007) and Oreopoulos et al.
(2008), using twin data from Minnesota, Norway and Manitoba,
respectively, found that birth weight has a positive effect on high
school completion. Lin and Liu (2009) analyzed Taiwanese twin
data and found that birth weight increased grades at age 15. It is
noteworthy that Behrman and Rosenzweig (2004) and Lin and Liu
(2009) showed that the OLS coefficients for birth weight without
controlling for genes and family backgrounds are underestimated
by 50%, while Black et al. (2007) found that OLS estimates and
twin-fixed effects are similar in size. Behrman and Rosenzweig
(2004) and Lin and Liu (2009) argue that their findings suggest
that parents may invest more in lighter twins to make up for their
developmental disadvantage.
However, some studies suggest that the effect of birth weight
on years of schooling is rather small (Royer, 2009) or that there is
no significant relationship between birth weight and educational
attainment or cognitive ability measured by language test scores
(Miller et al., 2005; Oreopoulos et al., 2008). It remains unclear
whether this mixed evidence is due to differences in measures
regarding educational outcomes or data sources.
There is relatively less evidence on the direct effect of birth
weight on economic outcomes. Miller et al. (2005) are one of
the exceptional groups of researchers who found a positive,
direct effect of birth weight on earnings, but argue that birth
weight plays only a minor role in determining earnings, with
each additional ounce of birth weight increasing earnings by
0.4%. Other studies that examine the effect of birth weight on
economic outcomes include Royer (2009) and Oreopoulos et al.
(2008). However, Royer (2009) did not find evidence to show
that birth weight is associated with neighborhood income levels
in adulthood. Although Oreopoulos et al. (2008) found that birth
weight affects social assistance take up and length in adulthood,
but given that they also found the effect of birth weight on high
school completion, it is unclear whether the birth weight effect
on economic outcomes would remain after controlling for the
mediating effect of educational outcomes.
In Japan, no research has used twin data to investigate
the causal effect of birth weight on educational and economic
outcomes in adulthood. The most important reference work is a
non-twin study conducted by Kawaguchi and Noguchi (2012b)
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development at age two and a half, but not with behaviors at age
six and a half. A possible reason for the association disappearing
at an older age may be the fact that Japanese parents invest more
in their children if their development is observed to be slow at an
earlier stage. Therefore, this evidence does not confirm whether
the birth weight effect remains only for a short period of time
in Japan. Furthermore, little is known about the effect of birth
weight on much later educational and economic outcomes in
Japan.
We aim to further the literature by using Japanese twin data
to bring out new findings in the following three respects. Firstly
and most importantly, we will estimate the effects of birth weight
by addressing, for the first time in Japan, potential endogeneity
biases due to the effects on birth weight, post-natal development
and later outcomes of genes and parental behaviors usually
associatedwith a family’s socio-economic status. Secondly, wewill
investigate longer-term educational and economic outcomes as
has been done in relevant previous research in Japan, which may
lead to an insight into how long-lasting the birth weight effects
would be. Lastly, wewill examine educational outcomesmeasured
in several ways for the same sample, which may contribute to
clarifying which educational outcomes should be highlighted,
given the current mixed evidence across the world on the effects
of birth weight on educational outcomes.
3. Empirical settings
In order to address our research questions of how birth weight
affects adulthood outcomes, we begin the analysis using a conven-
tional OLS to report the cross-sectional correlations with the en-
tire twin sample, in which many prior studies have found that the
birth weight is strongly associated with a wide range of adulthood
outcomes. Following the previous literature, we outline the simple
education production function illustrating the input–output rela-
tionship at home or school that particularly highlights the role of
child health. The model can be formally expressed in the following
mathematical equationwhere y is outcomes and is a function of the
birth weight (bw) and unobservables (A), such as genetic makeup
or maternal/pre-natal care in combination with other character-
istics (X) and random disturbance with mean zero and constant
variance (e) as specified in the Eqs. (1) and (2) below. Note that the
first-born twin is denoted as 1 by a subscript and the second-born
as 2.
y1j = A1j + βbw1j + X ′1jγ + e1j (1)
y2j = A2j + βbw2j + X ′2jγ + e2j. (2)
The coefficient of β refers to the effect of the birth weight on out-
come variables holding other observed characteristics constant. As
we discussed earlier, the cross-sectional estimate of β may be bi-
ased and inconsistent because unobservables, Aij, affect both the
birth weight and outcomes. However, identical twins enable us to
set up A1j = A2j, given that they share genetic makeup and fam-
ily environments. We will thus take a twin fixed effect approach
taking the difference between (1) and (2) to obtain a within-twin
fixed effects estimate of β , yielding:
(y1j − y2j) = β(bw1j − bw2j)+ (X1j − X2j)γ + (e1j − e2j). (3)
In Eq. (3), unobservable, Aj, is eliminated, relieving us of the con-
cern that the outcomes are partly explained by individual unob-
served characteristics. Given the assumption that the error term
is an idiosyncratic, which is independent of all other terms in the
equation, β is considered as the consistent estimate.4. Data
The data used for our empirical analysis was collected through
a web-based survey in Japan between the months of February
and March 2012 (see Nakamuro and Inui (2012) for more detailed
information on the data collection strategy). We conducted the
survey through a web-based survey company, Rakuten Research,
with over 2.2 million monitors. In order to analyze the effect
of birth weight on adulthood outcomes, our sample targeted
twins who are non-students between the ages of 20 and 60.4
In this survey, one member of a twin pair is responsible for
reporting regarding him/herself and his/her twin sibling at one
time, and the results are designed differently from those of the
other twin survey filled out by both members of the twin pair.5
Our web-based survey overcame the disadvantages of the data
collection in previous literature, such as small sample size or data
attrition. Consequently, we collected 2360 complete pairs of twins
(4720 individuals) while 1371 twin pairs (2742 individuals) are
monozygotic. To the best of our knowledge, this is one of the largest
databases of twins compiled in Japan nationwide, and it conveys a
wide range of socioeconomic information.
5. Variables
The independent variable of interest is, of course, birth
weight for which we set up several variants in the following
way: the primary measure is the birth weight which is self-
reported by one of the twin-pair. The response category in the
original questionnaire ranged from 1 (=less than 1500 g) to
7 (=more than 4500 g) and 8 (=do not know). We set the
minimum to 1500 and the maximum to 4500 g. Then we took
the mid-value for the categories between 2 (=1750 g) and
7 (=4250 g). Based on this variable, we create two variants of the
key independent variables: a variant is the natural logarithm of
the birth weight. The other is defined as a dichotomous variable
measuring the low birth weight, coded as 1 if the birth weight is
more than 2500 g and zero otherwise.
The descriptive statistics summarized in Table 1 show that the
average twins in our sampleweighed 2441 g at birth andmore than
half of them were categorized as infants with low birth weights.
As suggested in previous literature, our data illustrates a disparity
in birth weight between the first and second born of twins: the
4 Once the monitor(s) filled out the questionnaires, they would be given a
certain amount of cash-equivalent ‘‘points’’ that could be spent on Rakuten online
shopping. In order to exclude ‘‘fake’’ twins, who pretend to be twins to collect
the cash-equivalent points, we carefully developed the following data collection
strategy: we did not inform respondents that the purpose of our survey was to
collect data from twins. Furthermore, we started with five questions on family and
siblings that were not related to twin status and then, in the sixth question, for
the first time, asked whether or not a respondent was a twin. If the respondent
answered ‘‘No’’ in this question, s/he would be automatically excluded from the
survey. We discovered 23 twin pairs, each member of which was included in this
survey, then thoroughly checked the responses of both twins, and eliminated one
of the twins randomly from our sample.
5 Onemay question that, in our survey, theremay exist substantial measurement
errors in self-reported birth weight and other outcomes by one of the twin pairs,
instead of both. It is important to note that we have 23 twin pairs, each member of
whichwas included in this survey.Whenwe check their responses, we find out that
their responses reported by each other are quite accurate: the correlations between
self-reported and cross-reported birthweight is 91.2%. Not only the birthweight but
also other outcomes showover 90% of correlations. Furthermore, we checkwhether
there exist significant differences between responses on him/herself and on his/her
twin siblings; for example, one may be doubtful that respondents are prone to
pretend that their earnings or education are higher than those of their twin siblings.
However, according to the result drawn from two sample t-tests for difference of
the means, there is no difference between them. As a further robustness check, we
include a respondent dummy in all specifications, but the dummies are statistically
insignificant.
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Descriptive statistics.
Source: Authors’ calculation.
Whole sample MZ twins
Mean STDV Mean STDV
Dependent variables:
Birth weight 2441.00 564.87 2413.76 551.51
Log (birth weight) 7.77 0.23 7.76 0.23
Non-LBW (1 > 2500 g) 0.45 0.50 0.50 0.50
Independent variables:
Type of junior high school
(1 = private or national)
0.171 0.376 0.16 0.37
Student performance at the age of 15 2.57 1.10 2.60 1.08
Ranking of college attended 52.00 9.84 51.72 9.76
Years of schooling 14.38 2.33 14.42 2.30
Log (earnings) 5.96 0.74 5.98 0.74
average birth weight of the first born is 2464 g while that of the
second born is 2423 g, and this difference is statistically significant
at a 5% level. Furthermore, our data shows that 24.8% of MZ twin
pairs were different inweight at birth, which is crucially important
to ensure an accurate estimate of the twin fixed effects model. If
we restrict the sample to those who are MZ twins, we have quite
similar results. We run separate regressions for each variant of
the birth weight: the explanatory power assessed by R2 statistics
from within twin fixed-effects estimations helps us to choose the
best possible option among these three variants of birth weight
(Table 2).
We then characterize five outcomes ranging from the period of
childhood to adulthood. The first outcome variable is a type ofmid-
dle school attended, which aims to measure scholastic ability in
early childhood. Some twelve-year-old children enroll in Japanese
private junior high schools instead of public schools because most
private junior high schools require children to pass entrance ex-
aminations, which are often competitive and selective. In our sur-
vey, 10.9% of MZ twins-pairs attended different types of school:
for example, one attended a private school and the other a pub-
lic school. The second outcome variable is student performance at
middle school, which is measured on a 5 point-scale (1 = lower;
2 = below average; 3 = average; 4 = above average; 5 =
upper) based on a subjective evaluation of respondents’ and their
twin-siblings’ academic achievements. The third outcome is the
ranking of the college attended with a restricted sample of
college-educated respondents. Our survey asks the name of the
college/universitywhere respondents and their twin siblings grad-
uated. We convert this information into a measure of deviation
value (‘‘hensachi’’ in Japanese), which represents the ranking of
each educational institutionwith amean of 50 and standard devia-
tion of 10 by using a series of deviation values.Wematch the name
of colleges/universities and the deviation value of each department
of each college/university by using the dataset, ‘‘Kawaijuku College
Rankings’’, calculated and released in 2011 by Kawaijuku, one of
the largest cram schools in Japan. College admissions in Japan are
determined almost entirely by performance in written examina-
tions administered by each institution except for some special ad-
mission programs, such as athletic scholarship programs.
The fourth outcome is years of schooling. To avoid the possibil-
ity of institutional misreporting, in our original questionnaire, we
list every type and level of educational institution (26 categories,
including ‘‘do not know’’), and then ask respondents to select the
highest degree obtained. The choice of ‘‘dropout or stopped’’ was
inserted between the questions on each type and level of insti-
tution in order to disentangle cases of leaving school without a
diploma. In calculating the years of education, we assume that
those who ‘‘dropped out’’ or ‘‘stopped’’ finished half of the mini-
mum required years to complete the educational institution lastattended (e.g., drop out from high school = 10.5 years of school-
ing).
It is important to note that our data shows that the within-
twin variations in educational experiences become larger with
the passage of time: only 5.9% or 10.9% of twin pairs attended
different types of schools when they were primary or middle
school students. Eventually, 38.4% of twin pairs in our sample
acquired different numbers of years of education. Some may
wonder why twins, who share the same genetic makeup and
family environment, eventually end up so differently in terms of
educational backgrounds. Bound and Solon (1999) and Neumark
(1999) pointed out that even if the within-twin estimate is able to
remove the effect of genetic endowment, it does not necessarily
mean that the within-twin estimate completely eliminates all
aspects of ability bias to the extent that ability goes beyond
genes. The potential endogeneity could be caused by unobserved
differences in ability between twin-pairs which may result from
different experiences in earlier childhood. If parents compensate
for the unexpected shocks or events that happened to one of
the twin-pairs in early childhood, the twin-fixed effects will
understate the shocks or events. As noted in the comprehensive
review conducted by Almond and Currie (2011), there exists
little evidence that parents, especially in developed countries,
systemically change their investments in education when their
children face those unexpected shocks or events. However, one of
the unique features of our dataset is that there ismuch information
on the early childhood investments in human capital, such as
shadow education and clinical history. Our survey clearly shows
that parents are unlikely to treat twins differently. There is, at
least from our survey, no evidence that parents compensate for the
effect of low birth weight by altering their investment behaviors.
For example, there is little difference in experiences of shadow
education between twin-pairs, which may be a crucial part of
household expenditures on education in Japan.6 Our survey shows
that the within-twin variation in shadow education is quite small,
as the within-twin variations in formal education become larger
with the passage of time. Therefore, it can be said that within-twin
variations do not reflect any systematic difference in the parental
educational strategy for each twin, which often leads to different
experiences in earlier childhood.
The fifth outcome is labor market performance measured
by the natural logarithm of annual wage before tax deductions
during the 2010 fiscal year.7 The response category in the
original questionnaire ranged from 1 (=no income) through
16 (=more than 15 million JPY). We set the minimum (1 =
no income and 2 = less than 0.5million JPY) to zero andmaximum
(16 = more than 15 million JPY) to 15 million JPY. Then, we take
themid-value for categories between 3 (=0.5million–0.99million
JPY) and 15 (=10 million–14.99 million JPY).
6. Empirical results
Table 3 presents the results estimated by a conventional OLS to
replicate the correlational studies in previous literature. Regardless
of the variant of dependent variables, birth weights are strongly
associated with adulthood outcomes, except for the type of middle
6 According to the official statistics of the Ministry of Education, Culture, Sports,
Science and Technology, a large part of household expenditures on education has
been spent on shadow education in Japan. The Benesse Educational Research and
Development Center showed in 2009 that approximately 20% of elementary and
high school students and 50% of junior high school students accessed shadow
education, such as cram schools or prep schools.
7 This survey asked about earnings during the fiscal year of 2010, instead of 2011,
because earnings during the fiscal year of 2011 could have been affected by the
Great East Japan Earthquake that occurred on March 11, 2011.




Private middle school Student performance (age 15) Ranking college Highest years of schooling Earnings
Birth weight 0.0060 0.0052 0.0061 0.0002 0.0013
Log (birth weight) 0.0054 0.0070 0.0057 0.0001 0.0016
Non-LBW 0.0075 0.0014 0.0194 0.0008 0.0006Table 3



























Birth weight (/100) 0.011 0.063* 0.091 0.291*** 0.053*** 0.050* 0.210* 3.138 −0.077 0.065
(0.016) (0.032) (0.442) (0.066) (0.017) (0.029) (0.108) (3.090) (0.170) (0.071)
Log (birth weight) 0.016 0.140* 0.178 0.810*** 0.122*** 0.112* 0.575** 7.326 −0.137 0.177
(0.038) (0.079) (1.082) (0.167) (0.043) (0.066) (0.249) (7.149) (0.417) (0.161)
Non-LBW −0.001 0.035 0.542 0.206** 0.035* 0.053* 0.099 5.659* −0.146 −0.042
(0.017) (0.035) (0.517) (0.070) (0.019) (0.030) (0.088) (3.055) (0.162) (0.072)
Observations 1998 3577 1470 3631 2785 1257 2206 918 2234 1832
(# of twin-pairs) (641) (1138) (736) (1144) (1032)
(Note) 1. The numbers in parentheses are heteroskedasticity-robust standard errors.
2. Other independent variables are (a) private middle school: gender, father’s education; (b) student performance: gender, father’s education, living standard at the age of
around 15; (c) ranking of college: the same with (b); (d) highest years of schooling: the same with (b); (e) log (earnings): age, age squared, gender, father’s education, living
standard at the age of around 15, highest years of schooling, marital status, years of tenure at the current employment, hours of work per day. Most of the control variables
are statistically significant. The full results are available upon request.
*** Represents 1% significance level.
** Represents 5% significance level.
* Represents 10% significance level.school and ranking of college attended. The results coupled with
the positive coefficients suggest that birth weight affects the
majority of educational outcomes later in life, such as student
performance at the age of around 15 and the highest years of
schooling, aswell as the labormarket outcomemeasuredby annual
earnings. The effect seems quite large: for example, an extra 100 g
in birth weight raises earnings in the labor market by 5.3% on
average. Taken as a whole, our results are consistent with the
mainstream of previous literature showing a positive correlation
between birth weight and adulthood outcomes.
Then we analyze the effect of birth weight on adulthood
outcomes concerning whether the difference in weight at birth
is substantial or reflects the fact that infants with lighter birth
weights fundamentally differ from those of their counterpartswith
heavier birth weights. As explained earlier, we employ the twin-
fixed effects to compare the differences between MZ twins to
isolate the pure effect of birth weight on the adulthood outcomes,
holding innate abilities and family environments constant. Table 3
shows a quite different story from conventional OLS estimates. The
effect of the birth weight on the adulthood outcomes in the longer
run, such as the highest years of education and earnings, appears to
be statistically insignificant acrossmodels. However, the effect still
remains in education: birth weight causes academic achievement
at the age of around 15. It may also cause the probability of
passing a private junior high school and the ranking of college
in which they participated, although the evidence to support this
is weak. In addition, it is noteworthy that the standard errors
for the highest years of education and the earnings are relatively
large. Looking at the estimation results illustrated in Table 3, the
coefficient of the low birth weight with 0.162 heteroskedasticity-
robust standard errors on the years of schooling is negative and
the coefficient of the logarithm form of the birth weight with
0.161 heteroskedasticity-robust standard errors on the earnings
is positive, indicating that it is difficult to conclude that there are
no long-run effects. Overall, we do not find any heterogeneity inthe results by gender. This paper has thus succeeded in answering
the research question. Like the evidence generated from western
countries, our findings also suggest that birth weight affects
educational outcomes, particularly student performance at the age
of around 15.
7. Conclusion
This paper has investigated the question of whether the effects
of birth weight on later educational and economic outcomes, if
any, are causal. By using data from a sample of twins in Japan,
we have provided best available estimates for the causal effects of
birthweight on academic achievement at the age of around 15.We
would be rather cautious about concluding that birth weight does
not affect longer-run outcomes, such as highest years of schooling
and earnings. Future research should examine whether this is also
the casewhere educational attainment ismeasured by educational
qualifications obtained, or where earnings are measured with
smaller measurement errors than with self-reported earnings.
Given that the most plausible factor affecting birth weight
differences between MZ twins is intrauterine nutrient intake, our
findings suggest that improving pregnant mothers’ nutrient intake
may lead to the improvement of educational outcomes at the
age of 15, thereby improving future life chances. Kawaguchi and
Noguchi (2012a) argued that the decrease in the average birth
weight between 1990 and 2005 could be partly explained by
medical instructions offered to pregnant mothers. This implies
that increasing birth weight through improving pregnantmothers’
nutrient intake would be policy-relevant.
In order to bring out more detailed and solid implications to
policy, future research needs to test whether the findings of this
paper based on a twin sample can be generalized to non-twin
populations. It is also necessary to investigate for whom increasing
birth weight is most effective in improving future life chances,
for instance, by detecting at which point in the birth weight
distribution the effect of birth weight is strongest.
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